Abstract It becomes more important to design energy-efficient for buildings. This is true in relationship to a public building design especially retail property such as traditional market. It calculates the use of energy during construction and operation. There are three alternatives for a building energy system which are passive energy, electrical equipment, and user processes. The alternatives are developed for a public commercial retail. They were selected by four stakeholders named government, tenant, designer, and property manager. It is not easy to make a decision where there are many stakeholders' interests. A decision support system is necessary. The system should support a collaborative process among decision makers. This paper presents a multi criteria and multi person decision process to develop agreement options and coalition formation to find the best fit option of the energy system for traditional markets building in urban areas. There are three stages involved in the process which are first is determining and scoring of every alternative for every stakeholder, second is determining the optimal solution (payoff optimum) for each stakeholder in a coalition, and third is analyzing the best fit options for every coalition and grand coalition. An analytical hierarchy process (AHP) based on satisfying option is applied for the first stage. A liner programming is used to determine payoff optimum in the stage two and an agent system based on game theory built the coalition algorithm on the stage three. The result shows a model of collaborative decision to select a building system at design process.
I. INTRODUCTION
The importance of energy-efficient in a building is becoming more important. It can be controlled during design stage. Designs of a new building display an increasing awareness of sustainability. Decision must be made on the energy system for traditional market that involving all stakeholders as decision makers. They are government, customer/tenant, designer, and property manager.
Traditional markets are buildings that built and managed by government or local government, including cooperation with private businesses. The building is filled by shops, kiosks, and stalls. It is rented by smallscale business with small capital. The process of buying and selling goods is to bargain. This paper presents a support for collaborative decision to select building energy system on traditional market in urban area. The available alternatives for building energy system are based on research presented by [1] , which are passive energy, electrical equipment and user process. 1. Passive energy. This alternative utilizes an architectural concept of passive energy buildings; maximum opening wall for natural lighting and air conditioning. 2. Electrical equipment. It utilizes electrical equipment for example, lighting and air conditioners. 3. 'User processes' means that the utilization of energy for a building depends on the 'user processes'. It processes throughout life cycle of buildings; no electrical equipment is provided.
II. CONCEPTUAL FRAMEWORK OF COLLABORATIVE DECISION
Collaborative design is found to be an essential factor in achieving the sustainable design [2] . Its importance in supporting the production of sustainable design is placed on the involvement of multi parties with different expertise in design process and also their contribution in developing design from early until final stage of design. It can be applied as an approach to decide best fit option of sustainable design. This is also found in the previous studies [3, 4, and 5] .
The essential meaning of collaboration is unique, where it cannot be classified similarly with the meaning of cooperation. It is also different with the meaning of coordination. With the intention to achieve best design, the concept of collaboration becomes important approach in achieving sustainability. Collaborative design is described as an effort to integrate multiple parties in achieving best design mutually by concerning the best shared-goal that satisfy all the parties [6] .
Integration is vital for the performance of collaborative design. There are two main aspects that are needed to be integrated, which are tangible and intangible aspects [7] . During design process, each expertise is encouraged to share their knowledge. The knowledge relates with their thoughts, experiences and any information regarded with sustainable building design i.e. regulations and requirements. The knowledge is included as intangible aspect, where it is also classified into tacit and explicit knowledge [8] , meanwhile the tangible aspect consist of design drawings, and the results of design developments.
The two aspects are needed to be integrated in order to achieve successful collaboration. [9, 10, and 11] . Based from review conducted by [7] , it is found that decision making and negotiation are two vital activities in supporting the collaboration as well as the integration, especially in finding the best design option for the sustainability. The importance of it also can be found in the previous studies, in which the advance researches or applications of collaboration in decision making and negotiation can also be found [12, 13, and 14] .
III. METHOD
A. Function Analysis of Sustainability
Function analysis is a technique that oriented to the required functions on each item or system reviewed to produce the desired product value. The analysis is used to describe the main function of the product, describes the classification of the primary functions and the secondary functions to obtain a comparison between cost and worth required. For some functions it may be decided that a set of generic process is needed to perform the function, each of which will give rise to an associated set of possible specific processes. Based on the process of function analysis system technique (FAST) [15] , there are three sustainability functions that are technical, economic, and social sustainability. Technical sustainability measures the age of use of the building and how its building value is maintained over its lifetime. Economic sustainability measures how the building can be accessed by its users as planned, and the social sustainability measures how buildings benefit society in accordance with the planned function. A number of processes identified as being probable alternatives for performing the function.
B. Life Cycle Cost of System Development
Life cycle cost (LCC) is a technique to evaluate the economic value of energy system by calculating all relevant costs during the investment period through adjustment to time value of money. The LCC application method involves a combination of managerial, financial and technical expertise in all phases of life-cycle. The main purpose of this LCC is to evaluate alternative solutions to specific design problems. LCC is conducted as a basis for decisions between alternatives and may also be done as an independent study, or it may be part of a more comprehensive study.
LCC in this paper refers to development process [16] of a property building as it is the traditional market building. The process follows the development stages in the form of inception, design, formal negotiation, construction, and property management.
LCC as development cost consist of capital expenditure, energy cost, operation and maintenance (O&M) cost, and replacement cost. In this case, salvage value was not calculated because it was not a practice in Indonesia. It is difficult to separate energy system cost from the total cost of building because some of the energy system is part of whole system of the building.
In the collaborative decision, perspective of LCC is different among stakeholders. Property management uses the LCC to estimate the amount of costs so that they can convince the tenant for the savings. It can assure that the building is more valuable than other buildings. While the goal of tenants is to obtain high building value, low cost management, and make tenants safe and happy and long lease time. Figure 1 shows a model of decision hierarchy based on life cycle cost (development cost) and sustainable function (sustainability) for a traditional market on urban area in Indonesia. Each of the objects in this model contains attribute representing their various properties and different preferences [12] . The goal of the problem (G ="to select energy system of traditional markets building in urban area") is addressed by some alternatives (A = a1; a2; a3). The problem is split into sub problems (c) and (f) which are the evaluation criteria. 
C. Building Energy System Selection

A. Value-based Criteria
The technical solution options for building energy system were categorized into 'Cost' identified by development cost; and 'Function' by three sustainability functions. Table 1 shows the select ability (Ps) and reject ability (Pr) of a satisfying option [17] that represents function and cost of technical solution for building energy system respectively. The value of each alternative is calculated based on value equation that is function/cost. The greater the number the greater the value. The best alternative is alternatives with the highest value. The table presents the difference of best option among stakeholder. The choice of government is different from the choice of tenant. This can be understood because of differences of interest. For tenants of traditional markets with limited economic capabilities, the choice of the user system fits perfectly with the tenant's interests. The use of the energy system follows the flexibility of their economic capabilities. Electrical systems are selected by property managers. This is understandable because the cost of electricity usage is borne by the tenant with a net lease system. Electricity payment is made by management in the form of service charge. It becomes a
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B. Agreement Options and Coalition
The framework of collaborative decision is developed base on agreement option and coalition [18] . It is applied for selection of building energy system on traditional market in urban area. Four stakeholders (Figure 2 ) that are SH1 government, SH2 customer/tenant, SH 3 designer, and SH 4 property manager are involved and gave their own preference. Once every stakeholder is aware of the options, they analyze to determine what they will get, gain or loss if each alternative is selected. This agreement options process provides additional functionality to negotiate a joint representation of the problem. All stakeholders share the same goal but each has his/her own set of activities. to identify the goals that can be optimized and those that can be compromised in order to reach an agreement with other stakeholders. The agreement options acts as a solution filter. Only promising solution are available to stakeholders for detailed collaboration.
Collaboration has coalition formation algorithms. This research employs multiple coalition formation algorithms. First is coalition formation, second is solution options ranking for the individual and group. The stakeholders are the parties in the building energy system selection. There are three stages to determine the collaborative decision. The first stages came from individual decision. It is start from the output of AHP process that is scoring every alternative [5] . The results from this first stages are used to determine the agreement options in the last two stages. The stages are: 1. Determining and scoring of every alternative for every stakeholder. Figure 3 show that stakeholders had different best option as an alternative solution. Determining the optimal solution (payoff optimum) for each stakeholder in a coalition is based on a cooperative multi-person games in which coalitionformation among sub-group members are allowed [18] . A linear programming formula is used to determine the Pareto optimal for each stakeholder in each coalition. Table 2 presents the determination of payoff optimum. The value of (max-min) payoff for a stakeholder is used to determine the payoff optimum by applying the coordinating scenario. This means that no one stakeholder has higher importance than others. This scenario can be changed depending on the situation of a project. Determining the fitness factor is applied to both value criteria namely function of sustainability and cost of development. Categorization of best options is value that is counted from function/cost. Table 3 reveals that none of the solutions will not become an option because one individual stakeholder or coalition of stakeholders desires to select it. The best select ability option is the one with the least negative value. If the negative value is close to zero, then most stakeholders earn a payoff close to their Pareto optimum. A high negative value means that some stakeholders earn higher than their Pareto optimum.
It can be seen that each alternative is chosen as agreement options for all stakeholders. Alternative solution of passive energy (a1) is an option. Although it is the last choice for the whole process of collaboration, that alternative becomes an option for the coalition between property manager and tenant. The table indicates that 'electrical system' (a2) is the best solution. The best means that the option is the most selected in all individual and also all coalition. The paper deals with a technique during selection of a building energy system alternative for traditional market on urban area. Specificity of the object are the owning of public building and the characteristic of traditional market in urban area. The process is conducted by identifying the agreement options among stakeholders. The technique is based on cooperative n-person. The application of this collaborative model shows that the best choice can be achieved among traditional market stakeholders. Value of the best fit option is formed by the comparison between the sustainability function and its development cost.
